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CHAPTER I

INTRODUCTION AND PURPOSE OF THE STUDY

Alcoholism is one of this nation's greatest medical-socialeconomic problems.

It has been rated as the number three health problem

with an estimated 5,000,000 alcoholics 2,6 who have no control over their
drinking and whose drinking seriously alters their normal living
patterns.^

It affects all types of men and women regardless of their

status.
Any American can readily see the importance of solving this
problem.

Much work has been and is being done in the hone of better

understanding alcoholism--its causes, prevention, and cure.

I.

REVIEW OF THE LITERATURE

Relevance of animal studies to human alcoholism.

Some of the

earlier work on this problem set forth the hypothesis that experimental
animals could be used as models for human alcoholism and were termed
experimental alcoholism studies.

It was soon shown that man's craving

for alcohol did not parallel the consumption of alcohol by the laboratory animal.

19,23

The experimental rat did not normally prefer an alco

hol solution when offered a choice between alcohol and water.

The addi

tion of a third fluid choice demonstrated its lack of compulsion to
drink alcohol.

19,27

The normal rat was unlike the human in that it

failed to become intoxicated even when an alcohol solution was its sole
source of fluid.

17

1

3

2
Animal experiments, while not parallels of human alcoholism, have
definitely not ruled out the possibility of uncovering valuable similarities between human and animal alcohol intakes.

Since there are many

practical reasons why humans cannot be used in many studies, animals are
the most logical alternative.

It. is the hope in many experiments and

often the underlying belief that alcohol consumption in rats might be
controlled and increased, thus producing in an animal a near model of
the human alcoholic. 1 8
Animal likes or dislikes of alcohol..

While preference is the

most frequently used term in writing of the animals' likes or dislikes.
it is often misused and misunderstood.

It was only possible to demer

mine the animal's preference for alcohol relative to its liking for the
other fluid choice and not as an absolute measure of how much the animal
liked or disliked alcohol.^

Difficulty has also arisen from trying to

equate preference with addiction. 25,26

Only when the preference was

strong in every set of alternatives and the rat showed dependence on
alcohol, could the animal be termed addicted.

Tolerance was sometimes

used to describe the rat's response to alcohol since this gave a more
correct interpretation to the data.
Non-dietary factors affecting alcohol intakes.

The factor which

is probably the most difficult to control in alcohol experimentation is
the rats own individuality.

It is well established that individual rats

do differ in their tolerance for alcohol even when given the same laboratory treatment.

4,25,44

A short baseline determination with the animals

3
in a free-choice situation indicated their individual trends. 33

It has

been postulated that each animal has his own metabolic tolerance which
predisposes him to drink a small, moderate, or large amount of alcohol.^
Some rat strains showed highly significant differences from other
strains regarding their relative preferences for alcohol solutions. ^0
The metabolic differences between the strains which caused these varia
tions in alcohol preference were not clear.
Most rats had an initial aversion to alcohol

4,15

which could

apparently be overcome by various experimental manipulations.

Although

a number of experimenters have reported an increase in free-choice
alcohol consumption following a period of forced alcohol intake, 26,32,33,41
there were some conflicting reports.

Richterreported that alcohol

intakes increased when offered as the sole fluid source over an extended
period of time, but this increased tolerance disappeared when water was
given as an alternate choice.

Conflicting reports may have resulted

from the use of differing concentrations of alcohol solutions.

Forced

intake of five per cent alcohol has been shown to increase subsequent
alcohol consumption 15,30 while no increase followed forced ten per cent
alcohol intakes 46 or forced 8, 16, or 24 per cent alcohol solutions. 37
Myers^ put forward the hypothesis that voluntary alcohol consumption
could be increased following a period of forced alcohol intake only if
the rat either learned its psychological properties or underwent a
metabolic change.

Myers and Carey 31 reported that the concentration of

the alcohol solution subsequently preferred was not dependent on the
concentration of alcohol offered during the period of forced alcohol

4
intake.

/^
Westerfield and Schulman40 stated that a tolerance to alcohol

developed in the experimental rat after continued use, but this tolerance
was lost after several months abstinence.
Older rats reportedly consumed more alcohol, 41 but it appeared
that adaptability to the alcohol was not ruled out in this study.

The

effects of age on the alcohol preference of rats was studied with four
different age groups (1-2, 3-4, 10-15, and 20-24 months) submitted to
the same experimental manipulations.

32

When given a triple fluid choice:

tap water, an eight per cent alcohol solution (v/v), and a five per cent
sucrose solution (w/v), three groups chose the sucrose solution while
the young adult group (3-4 months at first exposure to alcohol.) showed
a preference for the alcohol solution.

It appeared that age and adapta-

tion to alcohol were two separate and distinct factors.
The relative positions of the fluid choices and their ease of
accessibility has been shown to affect and in some cases to control the
preference of the rat for alcohol.

8,28

This variable has been ruled out

in most experiments by alternating the fluid tubes daily or every two to
three days.

Mardones^ reported that "this precaution proved unnecessary"

but gave no supporting data for his statement.
Dietary factors affecting alcohol intakes.

Much data has been

reported on alcohol consumption as related to the amount of food consumed.

The rat has exhibited an inherent ability to choose his diet

according to his needs and to maintain relative caloric stability. 8

When

forced to drink an alcohol solution he has decreased his food consumption

5
in nearly direct proportion to the calories derived from the alcohol.
36,38

35,

It appeared that when alcohol supplied a minor portion of the

total calories ingested, it served as a food to the animal.

A forced

decrease in food intake has caused a general increase in alcohol consumption

34,42

even though Wes terfieId and Lawrow

42

report that a small

food deficit is not corrected and larger deficits are only partially
corrected by increasing the alcohol intake,

Although difficult to

distinguish between cause and effect,it appeared from several studies
that an increase in alcohol intake caused a decrease in food consumption. 8,26,42
Numerous studies have been conducted on the relationship of
alcohol consumption and nutritional deficiencies.

It has repeatedly been

shown that dietary deficiencies cause an increase in the voluntary consumption of alcohol by the laboratory animal.

5,19,22,44,48

Mardenes

32

was able to decrease alcohol intake by adding a source of E-vitamins to
a vitamin B deficient diet.

This simple addition of a missing food ele-

ment has been shown to decrease alcohol intake to almost zero. 5,44

That

a vitamin deficiency in itself will cause Increased alcohol intake has
not been accepted as fact.
Lee

34

Wes terfieId and Lawrow

/o

and later Purdy and

concluded that a thiamine deficiency led to a decreased food in-

take which was the cause of the increased consumption of alcohol.

Vitamin

supplementation has not proved useful in controlling human alcoholism.

16

A seven year study of boys did not confirm nutritional theories of
alcoholism.

20

One hundred and fifty-nine of the boys exhibited no

nutritional deficiencies.

Of these boys 16 per cent became alcoholics.

6
Of the 28 boys who did show signs of deficiencies, 11 per cent became
alcoholics.

While unable to control alcoholism by good nutrition, it

has been shown that dietary changes can accentuate or diminish 28 Williams
genetotrophic condition.

44,45,47

Hilker, and others

13 conducted a series of experiments designed

'to determine the rat's acceptability of a spiced diet with or without a
previous restriction to a spiced diet.

Young rats definitely had a dis-

like for the spiced diets even after a previous restriction to spiced
food.

Older rats, irrespective of previous restrictions, ate approxi-

mately equal amounts of the two diets suggesting they could not detect
the differences between them.

Would it not be possible for these likes

or dislikes to affect the amount of food consumed to the extent that the
number of calories from alcohol x^ould necessarily be altered?

When

minimal amounts of spices were added to water or alcohol solutions
offered to mice, no significant effect on the level of intake of either
fluid was noted. 29
No reports were found relative to the effects of caffeinated
beverage dietary additives* on voluntary alcohol consumption of the
laboratory animal.
Relationship of smoking to alcohol intakes.

No studies on the

relationship of smoking to voluntary alcohol consumption were seen, but
there were reports on aspects of smoking which might be pertinent to such
a s Ludy.

* Any substances or mixtures added to the diet.

7
Joyner

14

indicated a trend relationship between the amount of

cigarettes smoked and the degree of olfactory acuity.

The effect of

amount smoked was almost four times as strong in decreasing the acuity
as was age.

Smoking could possibly be an important factor in overcoming

aversions to alcohol in the experimental rat.
The detrimental effects of smoking on health are established and
accepted facts.

Studies on the relationship between smoking and health

have shown that hospitalization and death rates are higher among smokers
than non-smoke r s. 9-12

This ill state caused by smoking could reasonably

be a cause of increased alcohol consumption.

II.

PREVIOUS STUDIES IN THIS LABORATORY

In this laboratory studies have been conducted to determine the
effects of various dietary factors on the alcohol consumption of the
albino rat given a poor quality basal diet ad libitum with a free fluid
choice of ten per cent ethanol or tap water. 24
The addition of caffeinated beverages to the poor quality basal
diet of weanling, Sprague-Dawley rats reportedly caused a rise in voluntary alcohol intake.

Those rats placed on the poor quality diet with no

additives demonstrated a slow increase in alcohol consumption in the free
choice situation.
were added.

A slight increase was observed when spices and relish

When spices and relish plus caffeinated beverages were

added, a possible synergism between the two was observed.

8
III.

PURPOSE OF THIS STUDY

It was the purpose of this study (1) to determine the effects on
voluntary alcohol consumption of adding coffee to the diet of rats who
had been maintained on a poor quality diet with a free fluid choice of
ten per cent ethanol or tap water for six months; (2) to study the
effects on voluntary alcohol consumption of various levels of caffeinated
beverages, instant coffee, and/or spices and relish as additives to the
poor quality basal diet and to the poor quality purified diet with the
hope of establishing the presence or absence of synergism; and (3) to
determine the effects of instant coffee as a dietary additive and/or
exposure to cigarette smoke on the voluntary alcohol intakes of rats
maintained on the poor quality purified diet.

CHPATER II

METHODS OF EXPERIMENTATION

I.

Animals.

ANIMALS

Male, Sprague-Dawley rats, weighing 45 to 55 grams in

study 2, sixty to seventy grams in study 3, and eighty to 100 grams in
study 4, were housed individually for a two week baseline determination
of individual tendencies to drink ten per cent ethanol.

The animals

were then divided into groups of eight in studies 1, 2, and 3 and into
groups of 12 for study 4 so that the alcohol intakes of the groups were
nearly the same.

Animal housing.

Each animal's cage was fitted with two graduated

drinking tubes in the drinking assembly previously used in this laboratory.

o/

Accurate measurement of fluid intake was obtained by collecting

any fluid lost from the tips of the drinking tubes.

A shelf was placed

above the waste collection funnels to prevent the feces and urine from
falling into the fluid x^aste collection bottles.

Each group was housed

in two vertical columns with four cages per column during studies 1, 2,
and 3.

The drinking tubes for each group xeere arranged so that alcohol

was on the left in one-half of the group and on the right in the other
four cages.

Three columns per group were used for study 4 with the

alcohol tubes divided evenly between left and right in each group.
was placed inside the cages in double containers to reduce waste.

9

Food

10
II.

Fluids.

FLUIDS, DIETS, ADDITIVES, AND CIGARETTE SMOKE

Tap water and ten per cent ethanol were offered during

the periods of free fluid choice.
Pre-experiment diet.

During the baseline determination period in

studies 1 and 2, the rats received a pre-experiment diet (Table I) with
vitamin and salts supplementation.

This helped to minimize weight gain

before the actual experimental period.

Experimental diets.

A poor quality diet (Table II) was used as

the control in studies 1 and 2.

It consisted of foods easily obtainable

and frequently eaten by people in the United States.

Comparison of the

diet with the National Research Council's Recommended Dietary Allowances
for an average man (Table III) showed it was low in calcium, vitamin A,
thiamine, riboflavin, and ascorbic acid.

The food ingredients were mixed

and freeze-dried by International Nutrition Research Foundation, Riverside,
California.

This diet was used in previous alcohol studies in this

laboratory 24 and was chosen for comparative purposes.

The experimental

diets in studies 1 and 2 consisted of the poor quality basal diet plus
various levels and combinations of the dietary additives.

To eliminate

interfering factors which might be present in the poor quality basal diet.
a purified diet, nutritionally similar to the poor quality basal diet,
was utilized in studies 3 and 4.
appears in Table IV.

A list of the experimental diets

11
TABLE I
PRE-EXPERIMENT DIET GIVEN DURING TWO WEEK BASELINE DETERMINATION
PERIOD PREVIOUS TO VOLUNTARY ALCOHOL CONSUMPTION
STUDIES IN ALBINO RATS

Grams

Ingredients
Purina laboratory chow, powdered
Sugar
Corn oil
Hegsted salts mix
Complete vitamin mix

3000
2520
300
120
60

TABLE II
COMPOSITION OF POOR QUALITY BASAL DIET FED ALBINO RATS IN VOLUNTARY
ALCOHOL CONSUMPTION STUDIES

Breakfast:

2 glazed doughnuts

10:00 a.m.:

1 sweet roll

Lunch:

1 hot dog and bun
Soft drink
Apple pie

3:00 p.m.:

1 sweet roll

Dinner:

Meat balls and spaghetti
3 slices garlic bread
Green beans
Tossed salad - lettuce, tomatoes, celery, radishes
Chocolate cake

TV snack:

3 creme filled cookies
Candy bar

12

TABLE III
COMPARISON OF THE RECOMMENDED DIETARY ALLOWANCES FOR AN AVERAGE
MAN WITH THE POOR QUALITY BASAL DIET FED AD LIBITUM. TO
RATS IN VOLUNTARY ALCOHOL INTAKE STUDIES

Nutrient

Calories
Protein, grams
Fat, grams
Carbohydrate, grams
Calcium, grams
Iron, milligrams
Vitamin A, I. U.
Thiamine, milligrams
Riboflavin, milligrams
Niacin equivalents, milligrams
Ascorbic acid, milligrams

Poor quality
basal diet
(per day)*
2817
67
110
397
0.42
11.5
1400
0.95
1.14
23.8
25.8 •

RDA„, man
(ages 18-35)

2900
70

0.80
10.0
5000
1.2
1.7
19.0
70

*Values represent the amounts of nutrients supplied if a human
subject consumed an equivalent amount of food.

13

TABLE IV
FORMULAS OF EXPERIMENTAL DIETS FOR STUDY OF VOLUNTARY
ALCOHOL INTAKES IN ALBINO RATS

Ingredients

Grams

Poor quality basal diet

3000

II.

Poor quality basal diet
Caffeinated beverage mix

2760
240

III.

Poor quality basal diet
Caffeinated beverage mix
Spice mix
Relish mix

2700
240
60
120

IV.

Poor quality basal diet
Spice mix
Relish mix

2940
60
120

V.

Poor quality basal diet
Caffeinated beverage mix
Instant coffee

2710
240
50

VI.

Poor quality basal diet
Caffeinated beverage mix
Instant coffee
Spice mix
Relish mix

2650
240
50
60
120

VII.

Poor quality basal diet
Sugar

2940
48

VIII.

Sugar
Vitamin free casein
Crisco
Hegsted salt mixture
Incomplete vitamin mix
Choline chloride mix

2020
360
450
120
30
20

I.

14

TABLE IV

(continued)

IX.

Sugar
Vitamin free casein
Crisco
Hegsted salt mixture
Incomplete vitamin mix
Choline mix
Instant coffee

1960
360
450
120
30
20
60

X.

Sugar
Vitamin free casein
Crisco
Hegsted salt mixture
Incomplete vitamin mix
Choline chloride mix
Instant coffee
Spice mix

1900
360
450
120
30
20
60
60

XI.

Sugar
Vitamin free casein
Crisco
Hegsted salt mixture
Incomplete vitamin mix
Choline chloride mix
Spice mix

1960
360
450
120
30
20
60

XII.

Sugar
Vitamin free casein
Crisco
Hegsted salt mixture
Incomplete vitamin mix
Choline chloride mix
Complete vitamin mix

1960
360
450
120
30
20
60

XIII.

Sugar
Vitamin free casein
Crisco
Hegsted salt mixture
Incomplete vitamin mix
Choline chloride mix
Complete vitamin mix
Instant coffee

1900
360
.450
120
30
20
60
60

15
Caffeinated beverage, mix.

The mixture of caffeinated beverages

consisted of instant coffee, instant tea, and sugar in the quantities
It was added to the diet at a level equivalent to

listed in Table V.

four to five cups of coffee per day if eaten by an average man.

Diets

V and VI, Table IV, with instant coffee in addition to the caffeinated
beverage mix listed in their formulas have an additional four to five
cups coffee per day included making a total of eight to ten cups of
coffee per day.
Sweet pickle relish pureed in vinegar comprised the

Relish mix.

relish mix (Table VI).

It was felt that the relish mix was such a high

percentage water that its weight should not be included in the 3000 gram .
diet formula total.

Spice mix.

The mixture of powdered spices (Table VII) used in

these studies had previously been formulated in this laboratory. 24

The

relative amounts were based on the quantities of spices imported to che
United States as reported by the United States Department of Commerce.
The spice mix when added included the following in milligrams per 100
grams dry ration:

black pepper 147.0; ground mustard 116.6; paprika 32;

red pepper 22.6; nutmeg 14.4; cumin 13.6; white pepper 12.6; ground
ginger 12.4; ground cloves 10.6; mace 2.4; and cinnamon 2.2.

Sugar was

included in the mix as a convenient vehicle for combining the spices
with the basal diet.
Incomplete vitamin mix.

A mixture of vitamins was prepared which

duplicated the vitamin content of the poor quality basal diet with the

16

TABLE V
CAFFEINATED BEVERAGE MIX ADDED TO VARIOUS EXPERIMENTAL DIETS IN
STUDY OF VOLUNTARY ALCOHOL INTAKES BY ALBINO RATS
s:

Ingredients

Gr ams

Instant coffee
Instant tea
Sugar

283.5
42.5
700.0

TABLE VI
COMPOSITION OF RELISH MIX USED IN STUDYING THE VOLUNTARY ALCOHOL
CONSUMPTIONS OF ALBINO RATS
'srrrrrr rTsrrrs

Ingredients

Grams

Sweet pickle relish
Vinegar

170.0
360.0

17

TABLE VII
COMPOSITION OF SPICE MIX ADDED TO VARIOUS EXPERIMENTAL DIETS IN
STUDYING THE VOLUNTARY ALCOHOL INTAKES OF THE ALBINO RAT

Ingredients
Black pepper
Mustard, ground
Paprika
Red pepper
Nutmeg
Cumin
White pepper
Ginger, ground
Cloves, ground
Mace
Cinnamon
Sugar

Grams
36.75
29.15
8.00
5.65
3.60
3.40
3.15
3.10
2.65
0.60
0.55
403.40
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exception that no ascorbic acid was included.
vitamins included and their amounts.

Table VIII lists the

Sugar was used as a vehicle for

combining the vitamins with the poor quality purified diet.
0.1 per cent choline was included in the

Choline chloride mix.
poor quality purified diet.

Sugar was combined with choline chloride in

a mortar to enhance the thorough mixing of the choline chloride with the
diet (Table IX).
Complete vitamin mix.

The complete vitamin mix contained adequate

amounts of all vitamins needed for normal rat growth.

Cigarette smoke.

The rats were exposed to cigarette smoke in

smoking machines with accurately controlled puffs.

There were twenty

"respirations" per minute with, the air being sucked through two lighted
cigarettes for 1 to 2 seconds every 58 seconds.

Each puff was approxi

mately 110 milliliters with two cigarettes consumed by 8 to 10 puffs.
Two cigarettes were lighted every 25 minutes giving about 15 minutes of
smoke-free breathing between cigarettes.

The smoke-air could leave the

animal chamber, but valves prevented it from returning.

Most of the

smoke-air from each puff was removed by the "respirations" between puffs.
The 1300 milliliter capacity of the smoking chamber was approximately
two times the size of a human lung.

By "smoking" two cigarettes at once

the concentration of smoke in a human lung was simulated.

The rats were

smoked the human equivalent of one pack (twenty) cigarettes per day in
the eight hour smoking period.
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TABLE VIII
INCOMPLETE VITAMIN MIX ADDED TO A POOR QUALITY PURIFIED DIET
TO SIMULATE VITAMIN LEVELS OF THE POOR QUALITY BASAL
DIET IN VOLUNTARY ALCOHOL INTAKE STUDIES
ON ALBINO EATS

Grams

Ingredients

.476
.103
.097
2.030
.117
.248
507.

Vitamin A palmitate
Thiamine hydrochloride
Riboflavin
Nicotinic acid
Pyridoxine hydrochloride
Calcium pantothenate
Sugar

TABLE IX
CHOLINE CHLORIDE MIX UTILIZED AS A COMPONENT OF THE POOR QUALITY
PURIFIED DIET FED ALBINO RATS IN VOLUNTARY
ALCOHOL CONSUMPTION STUDIES

Ingredients
Choline chloride
Sugar

Grams
27
93
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III.

Food consumption.

EXPERIMENTAL DATA

It was hoped that food consumption could be

accurately kept and recorded during studies 2, 3, and 4.

The double

food containers reduced waste but definitely did not prevent it.

Other

methods were tried, but due to the waste it was not possible to obtain
accurate measurements of food intake.

Body weight and abnormal characteristics.

The rats were weighed

weekly and the average weight gain per group was calculated.

Any ab

normal characteristics such as denuding of legs and rump, nervousness,
etc., were recorded.
Fluids consumption.

Alcohol, and water intakes were calculated in

milliliters by subtracting the evaporation constant, the fluid in the
drinking tube, and the fluid in the collecting bottle from the total
amount given the animal.

Average evaporation constants of six and five

milliliters were used for alcohol and water, respectively.

Total fluid

intake, alcohol consumed per 100 grams body weight and alcohol intake
per 100 milliliters water consumed were computed weekly.

IV.

S_tudy JL.

DESIGN OF STUDY

Eight male, Sprague-Dawley, albino rats weighing 110 to

120 grams each were given a poor quality basal diet ad. libitum.

At the

start of week 27, instant coffee was added to their diet to determine its
effect on their voluntary alcohol consumptions after they had been fed
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the poor quality diet for six months.

A level approximately equivalent

to nine cups per day consumed by an average man was added.

The rats

received a free fluid choice of ten per cent ethanol or tap water.
Weight in grams and fluid intakes in milliliters were recorded weekly.
Due to respiratory illness, three of the eight rats were rejected during
the experiment leaving a total of five experimental animals.

Study 2_.

Seventy, male, weanling, Sprague-Dawley, albino rats

weighing 45 to 55 grams each were housed individually, fed a pre-experi
ment diet (Table I, page 11) ad_ libitum and given a free fluid choice of
ten per cent ethanol or tap water.

Alcohol consumption was recorded

during a two week baseline determination period.

At the end of the two

weeks the 14 smallest consumers were rejected and the remaining 56 animals
divided into seven groups with eight rats per group.

The animals were

grouped such that the two weeks alcohol intakes for all groups were
almost equal.

To determine the effects of various levels of caffeinated

beverages, instant coffee, and/or spices and relish on voluntary alcohol
intakes, the experimental diets (Table IV, page 13) given the groups for
the remainder of the study were as follows:
I.
II.
III.

IV.
V.

Poor quality basal diet
Poor quality basal diet + caffeinated beverage mix
Poor quality basal diet + caffeinated beverage mix, spice mix,
and relish mix
Poor quality basal diet + spice mix and relish mix
Poor quality basal diet + caffeinated beverage mix and instant
coffee
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VI.

VII.

Poor quality basal diet + caffeinated beverage mix, instant
coffee, spice mix, and relish mix
Spice blank (Poor quality basal diet + sugar)

For four weeks the animals received a fluid choice of ten per cent alcoStrong aversions to the alcohol were observed in many

hoi or tap water.
of the animals.

In an attempt to overcome these aversions, the water

was removed for a period of two weeks, forcing the rats to drink alcohol.
The free fluid choice was again granted at the start of the seventh week
on the experimental diets and continued until the termination of the
study.

Study 3.

In studies 1 and 2 a poor quality diet of common United

States foods was given.

To eliminate any interfering factors which

might be present in this diet of common foods, a purified diet, nutri
tionally similar to the poor quality basal diet, was mixed and utilized
in studies 3 and 4.

Seventy male, sixty to seventy gram, Sprague-Dawley

rats were housed individually and given a free fluid choice of tap water
or ten per cent ethanol and unlimited access to a poor quality purified
diet (Diet VIII, Table IV, page 13) for a two week period.
sumptions were recorded weekly.

Alcohol con-

At the end of the two week period, the

22 lowest and highest consumers were rejected, and the remaining 48
animals were divided into six groups with eight animals per group so the
two week alcohol consumption for each group was similar.

The ad libitum

diets (Diets VIII through XIII, Table IV, page 13) given the six experi
mental groups were as follows:
I.

Poor quality purified diet
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II.
III.

IV.
V.
VI.

Poor quality purified diet + two per cent instant coffee
Poor quality purified diet + two per cent instant coffee and
spice mix
Poor quality purified diet + spice mix
Poor quality purified diet 4- complete vitamin mix
Poor quality purified diet + complete vitamin mix and two per
cent instant coffee

Throughout the study the animals received a free fluid choice of tap
water or ten per cent alcohol.
Study 4.

Study 4 was designed to determine the effects of instant

coffee and/or exposure to cigarette smoke on the voluntary alcohol intakes of albino rats.

Seventy male, Sprague-Dawley, albino rats weighing

eighty to 100 grams each were housed individually, fed the poor quality
purified diet (Table IV, page 13) a_d libitum and given a free fluid
choice of ten per cent ethanol or tap water.

Alcohol consumption was

recorded during a two week baseline determination period.

At the end of

the two weeks, the 22 smallest and greatest alcohol consumers were
rejected and the remaining 48 animals divided into four groups with 12
rats per group.
the same.

The two week alcohol intake for each group was about

Two of the groups served as controls for the two "smoked’'
The diets and exposure to cigarette smoke for the four groups

groups.

were as follows:
I.

Poor quality purified diet

II.

Poor quality purified diet + exposure to cigarette smoke

III.

Poor quality purified diet + twTo per cent instant coffee

24
IV.

Poor quality purified diet + two per cent instant coffee and
exposure to cigarette smoke

It had been previously observed that the animals did not eat or drink
while in the smoking machines so fluids and food were not offered during
the eight hours per day the rats were exposed to cigarette smoke.

The

control animals were placed in the smoking machines for eight hours per
day as were the "smoked” animals so all animals received the same amount
of handling, the same eight hour per day deprivation of food and fluid.
the same stress and environmental conditions with the exception of the
presence or absence of smoke.

CHAPTER III

RESULTS
Fluid intakes and growth data of rats on various experimental
diets are presented in this chapter.

Additional data as weekly means of

alcohol consumed per 100 milliliters water drunk, weekly means of total
fluid consumed and significance of differences between groups are in
cluded in the appendix.

I.

STUDY 1

The mean weekly alcohol consumption per 100 grams body weight for
weeks 23 to 26 (without instant coffee) and weeks 28 to 31 (with instant
coffee) are shown in Figure 1.

The means (Table X) for these two four

week periods, 49.6 milliliters and 58.4 milliliters, respectively,
showed no significant difference in alcohol consumed following the addi
tion of instant coffee to the poor quality basal diet (p = .33).
II.

STUDY 2

Weekly group means of alcohol intakes per 100 grams body weight
are presented in Figure 2.

The four week means and standard error of

the means for weeks one to four and weeks seven to ten are listed in
Table XI.
Before alcohol intake was forced (weeks one to four), the rats on
the poor quality basal diet drank an average of 3.6 milliliters per 100
grams body w'eight per week.

This was significantly (p - .02) increased
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TABLE X
EFFECT OF INSTANT COFFEE ON THE VOLUNTARY TEN PER CENT ALCOHOL
CONSUMPTION OF ALBINO RATS FED A POOR QUALITY BASAL
DIET OF COMMON UNITED STATES FOODS: STUDY 1

ml alcohol/100 gm
body weight
mean ml/wk

ml alcohol/100 ml
water drunk
mean ml/wk

Poor quality basal diet
(weeks 23--26)

49.6 + 6.0*

398.3 -!- 79.4*

Poor quality basal diet +
instant coffee (weeks 28-31)

58.4 + 6.1

750.3 + 151.2

Diet

* Standard error of the mean

Group
Group
Group
50.CG t Group
Group
Group

i o - Poor
II—X— Poor
III —^—Poor
IV—O—Poor
V—!------Poor
VI-------Poor

4-0-00-- Group VII—O

quality basal diet
quality basal diet H- caffeinated beverage mix
quality basal diet H- caffeinated beverage mix,spice mix, and relish mix
quality basal diet + spice mix and relish mix
quality basal diet + caffeinated beveragemix 4 instant coffee
quality basal diet 4 caffeinated beverage mix, instant coffee, spice
VI
mix, and relish mix
Spice blank (Poor quality basal diet 4 sugar)
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TABLE XI
EFFECT OF CAFFEINATED BEVERAGE, SPICE, AND RELISH DIETARY ADDITIVES ON THE
VOLUNTARY TEN PER CENT ALCOHOL CONSUMPTION PER 100 GRAMS BODY
WEIGHT OF ALBINO RATS FED A POOR QUALITY BASAL DIET
OF COMMON UNITED STATES FOODS: STUDY 2

Group Diet

Before two week forced
alcohol consumption
weeks 1-4
mean ml/wk/rat

After two week forced
alcohol consumption
weeks 7-10
mean ml/wk/rat

Poor quality basal diet

3.6 + 1.2*

11.2 + 2.6*

II

Poor quality basal diet +
caffeinated beverages

9.9 4- 2.0

24.2 + 6.0

III

Poor quality basal diet +
caffeinated beverages,
spices and relish

9.7 + 3.3

30.5 + 4.4

IV

Poor quality basal diet +
spices and relish

5.8 -f 2.2

29.7 -f 6.0

V

Poor quality basal diet -!caffeinated beverages
and instant coffee

6.1 + 1.7

13.2 + 5.8

VI

Poor quality basal diet +
caffeinated beverages,
instant coffee, spices
and relish

18.4 + 8.3

33.1 + 14.0

VII

Spice blank (poor quality
basal diet + sugar)

8.0 + 1.6

14.7 + 4.5

I

*Standard error of the mean
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by the addition of the caffeinated beverage mix.

Alcohol consumptions

did not significantly differ from the basal diet when spices and relish
were included (p = .40) or when spices, relish, and caffeinated beverages
were added (p = .11).

There was, however, a trend for higher consumption

of alcohol when all three dietary additives 'were added than when only
spices and relish were included as shown by their mean intakes of 9.7
and 5.8 milliliters, respectively.

These means were not significantly

increased by additional levels of instant coffee (p ^ .34 and p = .16).
There was no significance between the milliliters alcohol drunk per 100
grams body weight by rats fed the basal diet with the spice mix and
relish mix and that drunk by rats maintained on the spice blank which
contained sugar equivalent to that found in the spice mix (p = .44), but
this addition of sugar to the poor quality basal diet caused an increase
in mean weekly intake of 4.4 milliliters which was significant (p = .05).
The weekly intake of rats fed the spice blank was 8.0 milliliters per
100 grams body weight while those rats consuming the basal diet with
spices and relish drank only 5.8 milliliters per 100 grams body weight
per week.
While all rats increased their voluntary alcohol intakes after the
two week period of forced alcohol, some groups increased more than others.
The rats on the poor quality basal diet drank an average 11.2 milliliters
per 100 grams body weight per week.

This was not statistically different

from the 24.2 milliliters consumed per week by rats on the poor quality
basal diet plus caffeinated beverages (p = .07).

The addition of spices

and relish to the basal diet caused a significant increase (p

.01) up
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to 29.7 milliliters per week.

When spices, relish, and the caffeinated

beverage mix were all included in the diet, a highly significant increase
occurred (p < .001).

There were no significant differences in alcohol

intake per 100 grams body weight between the group fed the poor quality
basal diet and the remaining groups.

Diets and mean milliliters per

100 grams body weight drunk by each rat per week in these groups were:
basal diet plus caffeinated beverage mix and instant coffee, 13.2; basal
diet plus caffeinated beverage mix, instant coffee, spices, and relish.
33.1; and basal diet plus sugar (spice blank), 1^.7.
Group

Mean weekly weight gains per group are shown in Table XII.

I fed the poor quality basal diet and group VII fed the spice blank had
the greatest weekly weight gains with 9.4 grams and 9.7 grams, respectively.

The least weekly weight gain, 4.8 grams, was found in group VI

on the poor quality basal diet plus all four dietary additives.
weekly weight gains of the remaining groups were:

Mean

poor quality basal

diet plus caffeinated beverages (group II), 8.1 grams; poor quality
basal diet plus caffeinated beverages, spices, and relish (group III),
7.4 grams; poor quality basal diet plus spices and relish (group IV),
8.5 grams; and poor quality basal diet plus caffeinated beverages and
instant coffee (group V), 7.5 grams.
III.

STUDY 3

Rats given the poor quality purified diet drank a weekly mean of
21.3 milliliters alcohol per 100 grams body weight (Table XIII) which
was not significantly different from groups II, III, and IV whose diets
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TABLE XII
MEAN WEEKLY WEIGHT GAINS OF ALBINO RATS IN VOLUNTARY
ALCOHOL CONSUMPTION STUDIES: STUDY 2

Group
I
grams

Group
II
grams

Group
III
grams

Group
IV
grams

Group
V
grams

Group
VI
grams

Group
VII
grams

1

11.9

5.0

7.0

2.9

-1.9

-7.0

5.6

2

5.0

3.8

3.0

9.6

5.8

6.5

9.4

3

8.4

9.5

7.3

6.9

8.9

6.8

8.9

4

9.5

9.5

14.8

10.1

10.5

2.9

11.5

5

3,5

5.3

-2.1

6.5

9.8

5.5

5.8

6

9.9

9.4

9.6

9.4

8.4

7.0

11.8

7

16.0

11.8

10.9

18.5

11.5

7.4

10.6

8

6.4

12.5

8.4

1.6

9.1

5.5

9.8

9

14.4

6.6

7.8

11.6

8.0

9.8

8.1

10

8.5

7.6

7.4

8.1

5.3

3.9

15.9

Initial
weight

110.1

108.4

101.5

109.6

106.5

106.8

102.8

Final
weight

203.5

189.3

175.4

194.9

181.8

154.9

200.0

9.4

8.1

7.4

8.5

7.5

4.8

9.7

Week

Mean weight
gain/week

• .
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TABLE XIII
EFFECT OF INSTANT COFFEE, SPICE, AND/OR VITAMIN DIETARY ADDITIVES
ON IRE VOLUNTARY TEN PER CENT ALCOHOL INTAKE PER 100 GRAMS
BODY WEIGHT OF ALBINO RATS FED A PURIFIED DIET
OF POOR NUTRITIONAL QUALITY: STUDY 3

Group

Diet

mean ml/wk/rat

Purified poor quality diet

21.3 + 5.9*

II

Purified poor quality diet + 27o instant coffee

23.3 + 4.1

III

Purified poor quality diet + 2% instant coffee
and spices

17.1 + 5.1

Purified poor quality diet + spices

31.7 + 9.3

I

IV
V

Purified poor quality diet + complete
vitamin mix

9.8 + 2,3

VI

Purified poor quality diet -1- complete
vitamin mix and 27, instant coffee

4.5 + 0.6

*Standard error of the mean

34
and mean alcohol consumptions per 100 grams body weight were:

II, poor

quality purified diet plus two per cent instant coffee, 23.3 milliliters;
III, poor quality purified diet plus two per cent instant coffee and
spices, 17.1 milliliters; and IV, poor quality purified diet plus
spices, 31.7 milliliters.

While there were no significant differences

among these four groups, the trends were interesting (Figure 3).
Group I, fed the diet without additives, gradually increased their
alcohol consumption over the four week period.

The four week mean for

group II was only slightly higher, but the rate of increase was greater.
Group III with both two per cent instant coffee and spices added to their
diet, consumed the least alcohol per 100 grams body weight of the first
four groups with an extremely small increase over the four week period.
Group IV consumed more than the first three groups and appeared to be
increasing.
Groups V and VI drank significantly less than most other groups.
Adding the complete vitamin mix (Group VI) to the poor quality purified
diet with two per cent instant coffee (Group II) caused a highly signif
icant decrease in alcohol, consumption per 100 grams body weight (p -C.OOl),
but when the vitamin mix was added (Group V) to the poor quality purified
diet alone, the drop in alcohol intake was not significant (p ~ .09).
Group VI with two per cent instant coffee and vitamins drank
significantly less alcohol per 100 grams body weight than did group V
■with only vitamins added (p = .04).
were low.

The alcohol intakes of both groups

‘IG-DC f

Group
I—0—Purified poor quality diet
Group II—X—Purified poor quality diet
Group III—&—Purified poor quality diet
Group XV—EF—'Purified poor quality diet
Group
V- TI —Purified poor quality diet
Group VI—Purified poor quality diet

+
+
+
+
+

2% instant coffee
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spice mix
vitamins
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Table XIV lists the mean weekly weight gains per group.

Groups V

and VI which received nutritionally adequate diets showed the greatest
weekly gains per animal wTith means of 25.1 grams and 25.5 grams, respectively.

Rats fed the poor quality purified diet (group I) gained 20.3

grams per week while group II with two per cent instant coffee added
gained 15.2 grams and group III with both instant coffee and spices
added gained 16.8 grams weekly.

Group IV maintained on the poor quality

purified diet plus spices had a mean weekly gain of 20.5 grams per
animal.

IV.

STUDY 4

Eight of the original twelve rats of group III expired during the
first week of the experimental study due to a mechanical failure in one
smoking machine.

All values given for group III are based on the four

remaining rats.
Group I fed the poor quality purified diet drank 26.5 milliliters
alcohol per 100 grams body weight per week (Table XV).

This was not

significantly different from the other groups whose diets and milliliters
alcohol intakes were:

poor quality purified diet plus exposure to

cigarette smoke, 22.8; poor quality purified diet plus two per cent
instant coffee, 17.4; and poor quality purified diet plus two per cent
instant coffee and exposure to cigarette smoke, 19.9.

The mean weekly

alcohol intakes per 100 grams body weight are presented in Figure 4.
There were great differences in the water consumption of the
various groups which caused large differences between some groups in
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TABLE XIV
MEAN WEEKLY WEIGHT GAINS OF ALBINO RATS IN VOLUNTARY
ALCOHOL CONSUMPTION STUDIES: STUDY 3

Group
I
grams

Group
II
grams

Group
III
grams

Group
IV
grams

Group
V
grams

Group
VI
grams

1

26.8

9.0

5.0

20.0

26.8

19.4

2

22.4

18.9

21.4

25.5

25.9

30.5

3

19,5

20.4

17.8

18.4

26.9

19.8

4

13.9

10.1

8.8

17.5

21.5

31.8

5

19.0

17.5

31.1

21.3

24.6

25.9

Initial
weight

102.4

103.9

108.4

102.9

93.4

109.6

Final
weight

203.9

179.8

192.4

205.5

219.0

236.9

20.3

15.2

16.8

20.5

25.1

25.5

Week

Mean weight
gain/week
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TABLE XV
EFFECT OF INSTANT COFFEE AND/OR EXPOSURE TO CIGARETTE SMOKE
ON THE VOLUNTARY TEN PER CENT ALCOHOL INTAKE PER 100 GRAMS
BODY WEIGHT OF ALBINO RATS FED A PURIFIED DIET OF'
POOR NUTRITIONAL QUALITY: STUDY 4
rTr." ,t.

Group

Diet

mean ml/wk/rat

Purified poor quality diet

26.5 + 5.1*

Purified poor quality diet -!- exposure to
cigarette smoke

22.8 A 5.3

III • Purified poor quality diet -!- 2% instant coffee

17.4 + 8.0

Purified poor quality diet 4- TL instant coffee
and exposure to cigarette smoke

19.9 -f 3.5

I
II

IV

*Standard error of the mean

l!0.0C +

I—O—Poor quality purified diet
Group
Group II—X—Poor quality purified diet + exposure to cigarette smoke
Group III—A—Poor quality purified diet + two per cent instant coffee
Group IV—B—Poor quality purified diet + two per cent instant coffee and
exposure to cigarette smoke
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their alcohol consumption per 100 milliliters water drunk and in their
Group I fed the poor quality

total fluid consumption (Table XVI).

purified diet drank 193.3 milliliters alcohol per 100 milliliters water
which was considerably more than the 19.1 milliliters drunk when the
rats were exposed to cigarette smoke.

The four rats of group III con-

suming the poor quality purified diet plus two per cent instant coffee
had a mean intake per 100 milliliters water of 77.6 milliliters.

Group IV

with both two per cent instant coffee and exposure to cigarette smoke
drank 21.3 milliliters alcohol per 100 milliliters water.

These figures

were arrived at by taking a four week mean for each animal's alcohol
intake per 100 milliliters water drunk and computing a group mean from
the four-week individual means.

Due to much individual variation within

the groups, this method exaggerated differences between groups as clearly
illustrated in Table XVI, group I.

One hundred milliliters would more

closely approximate the true alcohol per 100 milliliters water drunk than
the 193.3 milliliters listed for group I in Table XVI.
Mean weekly weight gains are presented in Table XVII.

The four

rats in group III fed the poor quality purified diet plus two per cent
instant coffee had the greatest increase in weight with a mean weekly
gain of 14.5 grams per rat.

When exposure to cigarette smoke was added

to this diet (group IV), the mean weekly weight gain decreased to 8.2
grams.

Group I maintained on the poor quality purified diet gained a

mean of 9.9 grams per week.

Animals fed the poor quality purified

diet and exposed to cigarette smoke gained only 5.9 grams per week
per rat.

TABLE XVI
EFFECT OF INSTANT COFFEE AND/OR EXPOSURE TO CIGARETTE SMOKE ON
THE FLUID INTAKES OF ALBINO RATS FED A PURIFIED DIET OF
POOR NUTRITIONAL QUALITY: STUDY 4

Group

I

Diet

Poor quality purified diet

alcohol/100 ml ** ml alcohol
drunk/wk/
water drunk
rat
mean ml/wk/rat
193.3 + 58.4*

II

Poor quality purified diet +
exposure to cigarette smoke

19.1 +

III

Poor quality purified diet +
two per cent instant coffee

77.6 -r 57.4

IV

21.3 -iPoor quality purified diet -!two per cent instant coffee
and exposure to cigarette smoke

4.9

6.5

ml water
drunk/
wk/rat
41.2 +

6.2*

total fluid
intake
mean ml/wk/rat
82.5 +

4.4*

41.3 +

7.6*

31.9 +

7.6

200.2 + 19.5

232.6 + 23.9

31.6 + 15.1

79.4 -t- 16.8

111.1 + 18.8

186.2 4- 23.8

214.2 + 22.7

28.0 +

5.1

*Standard error of the mean
**Values are exaggerated due to the statistical analysis employed

b-1
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TABLE XVII
MEAN WEEKLY WEIGHT GAINS OF ALBINO RATS IN VOLUNTARY
ALCOHOL CONSUMPTION STUDIES: STUDY 4

Group
I
grams

Group
II
grams

Group
III
grains

Group
IV
grains

1

16.2

7.3

25.3

6.2

2

13.5

7.6

17.3

11.9

3

6.6

9.4

9.8

3.5

4

8.0

7.3

9.8

9.4

5

5.0

-2.3

10,3

9.8

Initial
weight

116.8

114.9

114.0

110.8

Final
weight

164.3

144.1

186.3

151.6

9.9

5.9

14.5

8.2

Week

Mean weight
gain/week
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The appearance of the "non-smoking” rats was much better than
the "smoking" rats.

The rats exposed to cigarette smoke were smaller

in size and tended to eat their hair off their legs and rump.

This loss

of hair was especially true among those rats with instant coffee included
in their diets.

The "smokers" appeared to have rubbed some hair from

their faces leaving the areas around their eyes and noses red and
irritated.

None of the rats, "smokers" or "non-smokers" exhibited

nervousness or viciousness.

CHAPTER IV

DISCUSSION
Discussion of results and suggestions for further research are
presented in this chapter.

I.

STUDY 1

The differences in alcohol intakes per 100 grams body weight from
week to week were so great that any consistent change due to the
addition of instant coffee to the poor quality basal diet was not observed.

During the experimental period, three of the original eight rats

expired.

One should question the validity of any conclusions drawn from

so few animals.

However, the addition of instant coffee at this level to

the poor quality basal diet appeared to have little effect on rats whose
alcohol consumptions had increased to an apparent maximum value and
plateaued during a period of six months on the poor quality basal diet.
Results of previous studies in this laboratory

suggest that the

addition of caffeinated beverages to the poor quality basal diet caused
a more rapid increase in alcohol consumption per 100 grams body weight
than did the poor quality basal diet without additives.

Both diets

have caused an increase with rats on the diet without caffeinated bever
ages reaching the apparent maximum after a longer period than rats on
the diet with caffeinated beverages.

Once this high level of intake has

been reached, an additional increase due to dietary additives may not be
possible.
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II.

STUDY 2

Group I fed the poor quality basal diet drank significantly less
alcohol per 100 grams body weight than did group II with caffeinated
beverages added (p = .02).

This suggests an increase in alcohol intake

due to the caffeinated beverages.

While groups III, V, and VI, all con-

taining caffeinated beverages, each drank more alcohol per 100 grams
body weight than did group I, these differences were not significant.
Group VI appears (Figure 2, page 28) to have consumed considerably
There

more alcohol than the other groups, but this was not significant.

was much individual variation within the group with some rats drinking
thirty and more times as much as others.

The individual rats were quite

consistent in their alcohol intakes from week to week.

The alcohol

drinking tubes were on the left of the water tubes in one half of the
group and on the right in the other half in an effort to compensate for
position preferences.

These were not changed during the study.

Con-

sidering the small group size, the variation between rats might have been
at least partially due to individual position preferences.
The spice blank, group VII, which included additional sugar equal
to that in the spice mix drank significantly more alcohol per 100 grams
body weight than did group I on the poor quality basal diet (p = .05).
However, there was no significance between group I and group IV with
added spices and relish.

This seeming discrepancy could have been due

to an inadequate method of assigning the rats to the various groups.
This organizing into groups is not developed sufficiently but that there
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may be variations within groups great enough to cause a low level of
significance statistically.
Variations in alcohol intakes have previously occurred in this
laboratory from one study to another.

24

Seasonal variations have been

suggested, but further studies are necessary to elucidate the actual
causes of these differences.
After four weeks on the experimental diets, the rats' aversions
to alcohol were still evident.

It was thought that a period of alcohol

as the only fluid might help the rats to overcome their initial aversions,.
and after this treatment, the effects of the dietary additives might be
more clearly discerned.

Other investigators have used this procedure

to increase voluntary alcohol consumption. 24,26,32,33,41
The animals did consume more alcohol per 100 grams body weight
following the two week period of forced alcohol, but it cannot be con
cluded that the increase was due entirely to giving alcohol as the only
fluid.

Other factors such as age or position habit may have also played

a part.
Contrary to previous findings in this laboratory,

24 the spices

and relish caused greater increases in alcohol intakes than did the caffeinated beverages.

When all additives were added to the poor quality

basal diet, a greater increase resulted, but this increase was not
sufficient to suggest a synergism.

III.

STUDY 3

The diet utilized in study 3 was a purified diet mixed to nutri-
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tionally resemble the poor quality basal diet in total protein and
vitamins.

A complete mineral mix was added, and all carbohydrate in the

purified diet was sugar in contrast to the combination of sugar and
starch in the poor quality basal diet.

The purpose of the purified

diet was to eliminate possible interfering factors which might be present
in the common United States foods of the poor quality basal diet.
The poor quality purified diet was employed at the beginning of
the baseline determination period with the hope that the individual
tendencies of the rats for alcohol when eating this diet would be more
pronounced.

This would provide a better method of selecting groups with

approximately equal tendencies for drinking alcohol.
All alcohol intakes per 100 grams body weight were higher in this
study than in study 2.

This could be due in part to the type of diet,

but more conceivably could be due to giving the rats the poor quality
diet during the baseline determination period rather than the nutri
tionally adequate, pre-experiment diet (Table I, page 11) used in previous
studies.
The lack of statistically significant differences in alcohol
intakes per 100 grams body weight between rats fed the poor quality
purified diet and rats fed the diet with added instant coffee and/or
spices should not be interpreted to mean that these additives had no
effect on alcohol consumption.

Figure 3, page 35, portrays trends which

suggest definite effects of the additives.

If the study had been con

tinued over a longer period of time, the differences may have been pro
nounced .
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Group 1 in study 2 maintained on the poor quality basal diet
drank a weekly mean of 3.6 milliliters alcohol per 100 grams body weight
before being forced to drink alcohol.

This mean was raised to 11.2

milliliters for weeks 7 to 10 following the two week period of forced
alcohol.

In study 3 when a poor quality purified diet was fed, a weekly

mean of 21.3 milliliters alcohol per 100 grams body weight was reached.
The differences in diet were minimal, but may have been great enough to
produce these differences.
If rats with the various additives included in their diets were
approaching maximum alcohol intakes per 100 grams body weight, the rela
tively high intakes of rats on the poor quality purified diet alone
would tend to minimize the effects of the additives.
In studies 2 and 3 it appeared that those groups with the highest
levels of dietary additives included in their diets consumed less alcohol
per 100 grams body weight than some groups with lower levels of additives.
Possibly there is a level above which a toxicity is produced causing a
decrease in alcohol consumption.

If so, it appears that this level of

toxicity is lower in rats fed the poor quality purified diet than in
rats fed the poor quality basal diet.

Individual differences in the

level at which the additives become toxic could conceivably be one cause
of the great variations in groups V and VI of study 2.
The low levels of alcohol intakes when a complete vitamin mix was
included in the diet were striking.

Low levels of alcohol consumption

have previously been observed in this laboratory when vitamins were
added to the poor quality basal diet and when a nutritionally good diet
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of common foods was given. 24

Other investigators have found decreased

intakes when a missing food element was added to the diet.

5,44

No ade-

quate explanation was found for the significantly smaller alcohol con
sumption when instant coffee was added to the poor quality purified diet
with vitamins.

IV.

STUDY 4

The exposure to cigarette smoke apparently had no effect on
the rats' alcohol intakes per 100 grams body weight when maintained
on the poor quality purified diet.

The total fluid intake was quite

drastically increased in the "smoking rats," but the differences were
mainly in their water intakes (Table XVI, page 41).

If this increase

in thirst was nonspecific, results may have been quite different if
other animals with their greater or lesser likes for alcohol had
been utilized.
The mean weight gain per group was less for those groups exposed
to cigarette smoke.

The differences between groups were great for the

first two weeks of the experiment, but this did not appear true during
weeks three to five.

This suggests an adaptation of the animal to the

cigarette smoke upon continued exposure, thus decreasing the effects of
the smoke.
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V.

SUGGESTIONS FOR FUTURE RESEARCH

It would be desirable to obtain accurate food consumption
data.

35,36,38

This would require a feeding apparatus which prevented

spilling or attempted hoarding of food.

Paired feeding studies

34,42

would be helpful in determining effects of the dietary additives with
the poor quality diet.
The use of the ten per cent alcohol might be questioned.

30

Al-

though this alcohol concentration is frequently employed in alcohol
studies, it has been shown that rats show less aversion to lower concentrations.

26,31

If the rats' aversions could be eradicated, the true

effects of various dietary additives might be more accurately determined..
The length of the study may be of greater import than is realized.
0/

The data from study 3 and previous studies in this laboratory^ indicate
the desirability of longer experimental periods.

It has been an accepted

fact that rats do not become habituated to alcohol, but most studies have
been conducted over relatively short periods and cannot be rightfully
interpreted to mean habituation is not possible.
The position preference of rats has been shown to be affected by
the ease of accessibility to the drinking fountain.

8

If this is generally

true with rats, cylindrical cages might be desirable for significant
results.

If cylindrical cages are not feasible, the drinking tubes could

be placed equidistant from cage corners or be interchanged frequently.
A poor quality diet alone has caused noticeable increases in alco
hol consumptions which were greater than increases from various dietary
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additives employed in this laboratory.
tions of data difficult.

This makes correct interpreta-

This laboratory has been unable to effect any

increases in alcohol consumption when a nutritionally adequate diet was
fed, but this has only been attempted with rats varying in age from
weanling to approximately two months. 24

in

Parisella and Pritham

studying the age of rats in relation to their voluntary alcohol intakes
found that rats three to four months old when first exposed to alcohol
showed a preference to an eight per cent alcohol solution over a five
per cent sucrose solution or tap water.

Younger and older rats chose

the sucrose solution in the three choice situation.

It would be

interesting to feed young adult rats (three to four months old) a
nutritionally adequate diet with various dietary additives and deter
mine changes in alcohol intakes.
Rats show strong individual tendencies in their preferences or
aversions to alcohol.

Until better methods of selecting animals are

found, there is a need for groups of more than eight animals.

A minimum

of twelve or sixteen animals per group is recommended.
It would be interesting to determine the effects of exposure to
cigarette smoke on the voluntary alcohol and water intakes of animals
that exhibit no aversions to alcohol.

CHAPTER V

SUMMARY
Since alcoholism is a threat to all Americans, it is important to
study its causes, prevention, and cure.

Man’s craving for alcohol does

not parallel the consumption of alcohol by the laboratory animal, 19,23
but the knov/ledge gained from animal experiments might give some helpful
clues for controlling human alcoholism.

To add to the growing body of

knowledge concerning alcohol consumption, albino rats were fed poor
quality diets containing various dietary additives as a caffeinated mix.
instant coffee, a spice mix and a relish mix, and exposure to cigarette
smoke.
When fed a poor quality diet of common United States foods, both
with and without additives, the rats drank generally low amounts of alcohol.

In an effort to overcome these aversions, ten per cent alcohol

was offered as the sole fluid for two weeks.

The alcohol intakes were

somewhat increased following the period of forced alcohol, but the cause
of the increase could not be proved.

The various additives caused in-

creases in alcohol intakes with spices and relish causing slightly
greater increases than the caffeinated beverages.

There was no evidence

of a synergistic effect when caffeinated beverages plus spices and relish
were added.

High levels of additives appeared related to some low intakes

of alcohol.
To eliminate interfering factors which might have been present in
the poor quality basal diet, a purified diet similar in total protein
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and vitamins was formulated.

Rats consuming the poor quality purified

diet drank generally larger amounts of alcohol.

The addition of spices

to the poor quality purified diet caused greater intakes of alcohol than
did the addition of two per cent instant coffee.

When both additives

were included, the alcohol consumption somewhat decreased.
ences between groups were not significant.

The differ-

When a complete vitamin mix

was added to the poor quality purified diet, very low alcohol intakes
were observed.
Exposure to cigarette smoke had no apparent effect on the volun
tary alcohol consumptions of albino rats fed the poor quality purified
diet.

Those rats exposed to the smoke drank very high levels of water.
The methods used should be re-evaluated giving attention to

position preferences, the concentration of alcohol offered, the selection
of rats and assigning to groups, the length of the study, food consump
tion, the type of diet offered, and the age of the rats utilized.

The

effects of exposure to cigarette smoke on voluntary alcohol intakes of
animals without aversions to alcohol should be studied.
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TABLE XVIII
EFFECT OF CAFFEINATED BEVERAGE, SPICE, AND RELISH DIETARY ADDITIVES ON THE
VOLUNTARY TEN PER CENT ALCOHOL INTAKE PER 100 MILLILITERS
WATER CONSUMED BY ALBINO RATS FED A POOR QUALITY BASAL
DIET OF COMMON UNITED STATES FOODS: STUDY 2

Group

I

Diet

Before two week forced
alcohol consumption
weeks 1-4
mean ml/wk/rat

Poor quality basal diet

After two week forced
alcohol consumption
weeks 7-10
mean ml/wk/rat

6.0 +

2.5*

36.5 +

10.7*

II

Poor quality basal diet +
caffeinated beverages

16.4 +

3.0

62.7 +

15.5

III

Poor quality basal diet +
caffeinated beverages,
spices, and relish

17.8 +

6.0

119.9 +

20.5

IV

Poor quality basal diet +
spices and relish

19.7 + 13.8

186.5

62.7

V

Poor quality basal diet 4-'
caffeinated beverages
and instant coffee

VI

Poor quality basal diet 4caffeinated beverages,
instant coffee, spices
and relish

83.9 4- 38.5

VII

Spice blank (poor quality
basal diet 4- sugar)

14.7 4-

*Standard error of the mean

6.94-

2.0

5.4

35.5 4

19.1

186.2 + 109.6

96.8 4-

68.1

61

TABLE XIX
EFFECT OF INSTANT COFFEE, SPICE, AND/OPv VITAMIN DIETARY ADDITIVES ON
THE VOLUNTARY TEN PER CENT ALCOHOL INTAKE PER 100 MILLILITERS
WATER CONSUMED BY ALBINO RATS FED A PURIFIED DIET OF
POOR NUTRITIONAL QUALITY: STUDY 3

Group

Diet

mean ml/wk/rat

Purified poor quality diet

63.0 -t-

21.0*

II

Purified poor quality diet + 270 instant coffee

58.4 +

20.3

III

Purified poor quality diet -f 27, instant coffee
and spices

38.9 -!-

17.6

I

IV

Purified poor quality diet + spices

296.3 + 121.5

V

Purified poor quality diet 4- complete vitamin
mix

19.5 +

5.6

VI

Purified poor quality diet + complete vitamin
mix and 27. instant coffee

7.2 +

1.3

*Standard error of the mean
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TABLE XX
EFFECT OF INSTANT COFFEE, SPICE, AND/OR VITAMIN DIETARY ADDITIVES ON
THE TOTAL FLUID CONSUMPTION OF ALBINO PATS FED A PURIFIED DIET
OF POOR NUTRITIONAL QUALITY: STUDY 3

Group

Diet

mean ml/wk/rat

Purified poor quality diet

115.0 +

10.5*

II

Purified poor quality diet + 2% instant coffee

147.6 +

14.2

III

Purified poor quality diet -I- 2% instant coffee
and spices

139.6 +

17.6

Purified poor quality diet + spices

114.8 Jr

11.8

V

Purified poor quality diet + complete vitamin
mix

117.2 +

11.4

VI

Purified poor quality diet 4- complete vitamin
mix and 2% instant coffee

138.8 4

11.0

I

IV

*Standard error of the mean
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TABLE XXI
LEVELS OF SIGNIFICANCE BETWEEN EXPERIMENTAL GROUPS IN ALBINO RAT,
VOLUNTARY ALCOHOL CONSUMPTION STUDIES BEFORE FORCED
ALCOHOL INTAKES: STUDY 2 - WEEKS ONE TO FOUR
ALCOHOL INTAKES PER 100 GRAMS BODY WEIGHT

Group
Comparison
I,
I,
I,
I,
I,
I,
II,
II,
II,
II,
II,
I II III IV V VI VII -

II
III
IV
V
VI
VII
III
IV
V
VI
VII

P
Value
.02
.11
.40
.26
.10
.05
.95
.19
.16
.33
.47

Group
Comparison
III,
III,
III,
III,
IV,
IV,
IV,
V,
V,
VI,

IV
V
VI
VII
V
VI
VII
VI
VII
VII

P
Value
.35
.35
.34
.66
.93
.16
.44
.16
.42
.24

Poor quality basal diet
Poor quality basal diet H- caffeinated beverage mix
Poor quality basal diet + caffeinated beverage mix,
spice mix, and relish mix
Poor quality basal diet -F spice mix and relish mix
Poor quality basal diet + caffeinated beverage mix
and instant coffee
Poor quality basal diet 4- caffeinated beverage mix,
instant coffee, spice mix, and relish mix
Spice blank (Poor quality basal diet + sugar)
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TABLE XXII
LEVELS OF SIGNIFICANCE BETWEEN EXPERIMENTAL GROUPS IN ALBINO RAT,
VOLUNTARY ALCOHOL CONSUMPTION STUDIES AFTER A 1WO WEEK PERIOD
OF FORCED ALCOHOL INTAKES: STUDY 2 - WEEKS SEVEN TO TEN
ALCOHOL INTAKES PER 100 GRAMS BODY WEIGHT

Group
Comparison
I,
I,
I,
I,
I,
I,
II,
II,
II,
II,
II,
I II III IV V VI VII -

II
III
IV
V
VI
VII
III
IV
V
VI
VII

P
Value
.07
.002
.01
.76
.15
.51
.41
.53
.20
.57
.22

Group
Comparison
III,
III,
III,
III,
IV,
IV,
IV,
V,
V,
VI,

IV
V
VI
VII
V
VI
VII
VI
VII
VII

Poor quality basal diet
Poor quality basal diet + caffeinated beverage
Poor quality basal diet + caffeinated beverage
spice mix, and relish mix
Poor quality basal diet + spice mix and relish
Poor quality basal diet + caffeinated beverage
and instant coffee
Poor quality basal diet + caffeinated beverage
instant coffee, spice mix, and relish mix
Spice blank (Poor quality basal diet + sugar)

P
Value
.92
.03
.86
.03
.07
.83
.06
.21
.84
.23

mix
mix,
mix
mix
mix,
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TABLE XXIII
LEVELS OF SIGNIFICANCE BETWEEN EXPERIMENTAL GROUPS IN ALBINO RAT,
VOLUNTARY ALCOHOL CONSUMPTION STUDIES: STUDY 3
ALCOHOL INTAKES PER 100 GRAMS BODY WEIGHT

Group
Comparison
I,
I,
I,
I,
I,
II,
II,
II,

II
III
IV
V
VI
III
IV
V

P
Value
.78
.60
.36
.09
.01
.36
.42
.01

Group
Comparison
II,
III,
III,
III,
IV,
IV,
V,

VI
IV
V
VI
V
VI
VI

P
Value
<.001
.19
.21
.03
.04
.01
.04

I - Purified poor quality diet
II - Purified poor quality diet -f two per cent instant
coffee
III - Purified poor quality diet 4- two per cent instant
coffee and spice mix
IV Purified poor quality diet 4- spice mix
V Purified poor quality diet 4- vitamins
VI Purified poor quality diet -1 vitamins and two per
cent instant coffee
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TABLE XXIV
LEVELS OF SIGNIFICANCE BETWEEN EXPERIMENTAL GROUPS IN ALBINO
RAT, VOLUNTARY ALCOHOL CONSUMPTION STUDIES: STUDY 4 *
ALCOHOL INTAKES PER 100 GRAMS BODY WEIGHT

Group
Comparison
I,
I,
I,
II,
II,
III,

P
Value
.63
.38
.30
.61
.66
.74

II
III
IV
III
IV
IV

I - Purified
II - Purified
smoke
III - Purified
coffee
IV - Purified
coffee

poor quality diet
poor quality diet + exposure to cigarette
poor quality diet + two per cent instant
poor quality diet + two per cent instant
and exposure to cigarette smoke
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TABLE XXV
LEVELS OF SIGNIFICANCE BETWEEN EXPERIMENTAL GROUPS IN ALBINO RAT,
VOLUNTARY ALCOHOL CONSUMPTION STUDIES: STUDY 3
TOTAL FLUID CONSUMPTION

Group
Comparison
I,
I,
I,
I,
I,
II,
II,
II,

II
III
IV
V
VI
III
IV
V

P
Value
.09
.25
.99
.89
.14
.73
.10
.12

I - Purified poor quality diet
II - Purified poor quality diet
coffee
III - Purified poor quality diet
coffee and spice mix
IV Purified poor quality diet
V Purified poor quality diet
VI Purified poor quality diet
instant coffee

Group
Comparison
II,
III,
III,
III,
IV,
IV,
V,

P
Value

VI
IV
V
VI
V
VI
VI

.63
.26
.30
.97
.89
.16
.19

+ two per cent instant
3- two per cent instant
H- spice mix
+ vitamins
+ vitamins and two per cent
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TABLE XXVI
LEVELS OF SIGNIFICANCE BETWEEN EXPERIMENTAL GROUPS IN ALBINO
RAT, VOLUNTARY ALCOHOL CONSUMPTION STUDIES: STUDY 4
TOTAL FLUID CONSUMPTION

Group
Comparison
I,
I,
I,
II,
II,
III,

II
III
IV
III
IV
IV

I - Purified
II - Purified
smoke
III - Purified
coffee
IV - Purified
coffee

P
Value
< .001
.04
< .001
.01
.58
.03

poor quality diet
poor quality diet + exposure to cigarette
poor quality diet + two per cent instant
poor quality diet + two per cent instant
and exposure to cigarette smoke
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Studies were conducted utilizing albino rats to determine the relationship
of voluntary alcohol consumption with various dietary additives and ex
Male,

posure to cigarette smoke in combination with poor quality diets.

Sprague-Dawley rats, from weanling age to 100 grams, were given the various
experimental diets and a free fluid choice of ten per cent ethanol or tap
water.

Fluid intakes were recorded and analyzed statistically.

Individual

variation was common with a generally low level of alcohol consumption
The

when rats were fed a poor quality diet of common United States foods.

addition of caffeinated beverages and/or spices and relish caused increases
in alcohol intakes, but some animals receiving high levels of the additives
drank very little alcohol.

There was no evidence of a synergism when both

caffeinated beverages and spices and relish were added to the diet.
fed a poor quality purified diet drank generally more alcohol.

Rats

Additives

caused increases, but again the higher levels of additives apparently
caused a drop in alcohol intakes.

Including a complete vitamin mix in

the poor quality purified diet resulted in very low intakes of alcohol.
Exposure to cigarette smoke did not alter the alcohol intakes of rats fed
the poor quality purified diet, but water intakes were drastically increased.
The methods used should be re-evaluated giving attention to position pre
ferences, the concentration of alcohol offered, the selection of rats and
assigning to groups, the length of the study, food consumption, the type
of diet offered, and the age of the rats utilized.

The effects of exposure

to cigarette smoke on voluntary alcohol intakes of animals without aversions
to alcohol should be studied.
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